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Abstract
Introduction and Objective: The aim of this study was to analyze 
the root canal anatomy variations of permanent mandibular molars 
using three different cone-beam computed tomography (CBCT) 
protocols. Material and methods: Thirty-five freshly extracted first 
and second mandibular molars were collected and subjected to three 
CBCT protocols: i-CAT Classic (ICC); i-CAT Next Generation (ICN), 
and PreXion 3D (PXD). Images were evaluated by two previously 
calibrated and experienced endodontists. The morphological root 
canal configurations were classified according to Vertucci. Data were 
analyzed for frequency, and the binomial and Kappa tests were then 
performed (α = 0.05). Results: ICC and ICN were able to diagnose 
a higher percentage of anatomical variations in the mesial roots. 
In this same root, Vertucci’s type V was the most prevalent, and 
in distal was the type I. In comparisons of CBCT techniques for 
agreement, significant differences in the mesial root canals were 
found in the following: ICC versus (vs) ICN; ICC vs PXD; and ICN 
vs PXD (p <0.001). However, there were no statistical differences in 
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the distal root canals (p >0.05). The level of agreement in mesial 
roots was poor or absent, while in distal was moderate. Conclusion: 
Anatomical variations were found in both root canals, with higher 
variability in the mesial, highlighting ICC and ICN protocols, and 
the prevalence of Vertucci’s type V, while in the distal prevailed 
the type I.
Introduction
Clinical success in endodontic treatment is 
considered achieved when the tooth is in totally 
function, without painful symptomatology, with 
absence of periapical inflammation and adequate 
root canal filling confirmed by radiographic images 
[14]. Therefore, the knowledge of the root canals 
anatomy and its variations is extremely important 
for the success of endodontic treatment [3, 8, 12, 
42, 43].
Studies investigating the internal anatomy of 
dental groups have been performed, presenting a 
variety [1, 2, 4, 6, 27, 37, 39, 41], through different 
identification techniques, such as radiographic 
examinations, tooth sectioning, among others [3, 
24, 25, 30]. However, most of these methods are 
destructive and/or may modify the tooth anatomy, 
which limits the use of these methods [20].
Although periapical radiography is widely used 
in endodontics, overlapping structures, possible 
distortions and the ability to compress three-
dimensional structures in two-dimensional images 
can obscure important anatomical details, the 
knowledge of which would result in a more accurate 
diagnosis and efficient endodontic treatment [38]. 
Current techniques enable the identification of 
root canals without further damage to teeth or the 
patient [20]. In this regard, cone-beam computed 
tomography (CBCT) can provide high-contrast three-
dimensional volumetric images at low cost and low 
radiation exposure [17, 26, 28] due to its limited 
field of view (FOV) in the axial dimension [36].
Different CBCT protocols have been studied to 
identify the most suitable protocol for each clinical 
step with lower radiation doses for the patients [5, 
23, 34].
The diagnostic capacity of CBCT has motivated 
several researches [5, 13, 20, 22, 27, 31, 37, 38, 
40]. Studies have been performed to classify the 
internal anatomy in mandibular molars, since this 
group of teeth presented a high complexity root 
canal system [6, 9-12, 15, 18, 33], and requires more 
frequently an endodontic treatment [16, 32]. Thus, 
the aim of this study was to analyze the ability of 
different CBCT images in the root canal morphology 
classification of mandibular molars using different 
CBCT protocols: i-CAT Classic (Imaging Sciences 
International, Hatfield, USA); i-CAT Next Generation 
(Imaging Sciences International, Hatfield, USA); and 
PreXion 3D (Prexion, San Mateo, USA).
Material and methods
Sample selection
After approval by the research ethics committee 
(registration no. 2.077.489) from Universidade 
Positivo, 35 freshly extracted first and second 
molars with the following features were analyzed: (a) 
closed apex, (b) no previous endodontic treatment, 
resorption, perforation, visible signs of fracture or 
cracking, and (c) three distinct canals (mesiobuccal, 
mesiolingual, and distal) identified using periapical 
radiography.
The sample was then classified according to the 
classifications proposed by Vertucci [42], and Al-
Qudah and Awawdeh [3], and randomly assigned to 
one of the three protocols. The pulp chambers were 
then accessed using 1014 and 3081 HL drills (KG 
Sorensen, São Paulo, Brazil). The canal negotiation 
was performed using a K#10 file (Dentslpy Maillefer, 
Ballaigues, Switzerland) to confirm the distinction 
of the canals under clinical conditions.
Cone-beam computed tomographic acquisitions
Digital radiography was performed using the 
digital Snapshot size 1 sensor (Instrumentarium 
Imaging, Tuusula, Finland) with an active area 
of 19.95 mm × 30 mm. The radiation unit used 
for radiography was the Spectro 70x Seletronic 
(Dabi Atlante, Ribeirão Preto, Brazil) operating 
at 7 mA, 70 kV, and exposure time of 0.25 s. 
The samples were placed in a special device to 
guarantee parallelism during radiographic imaging 
(orthoradial, mesioradial, and distoradial).
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Tomographic examinations
The roots were previously coated with utility wax 
to simulate the space occupied by the periodontal 
ligament [20]. Then, the teeth were placed on an 
acrylic holder with external dimensions of 9.8 cm 
× 5.4 cm × 2.4 cm, and a 5 mm of wall thickness, 
filled with common gypsum and rice flour in equal 
proportions to mimic the alveolar bone [26].
Three tomography protocols were used as follow:
1. ICC Group (i-CAT Classic): 120 kV; 3-8 mA; 0.25 
mm of isotropic voxel; FOV of 6 cm × 13 cm; and 
acquisition time of 40 s.
2. ICN Group (i-CAT Next Generation): 120 kV; 3-8 
mA; 0.125 mm of isotropic voxel; FOV of 8 cm × 
8 cm; and acquisition time of 26.9 s.
3. PXD Group (PreXion3D): 90 kV; 4 mA; 0.09 mm 
of isotropic voxel; FOV of 5.6 cm × 5.6 cm; and 
acquisition time of 16.8 s.
Images acquired from the ICC and ICN groups 
were analyzed using iCAT Vision 1.8.1.10 software 
(Imaging Sciences International, Hatfield, USA), 
while images from the PXD group were analyzed 
using the PreXion 3D Viewer (Prexion, San Mateo, 
USA) The study protocol of the Freitas et al. [8] 
was followed.
All images were evaluated simultaneously by 
two calibrated and experienced endodontists (kappa 
= 0.81), whose interpretations were based on the 
sagittal, axial, and coronal views, changing the 
zoom controls, and adjusting brightness, contrast 
and sharpness to allow better visualization whenever 
necessary using protocol-independent software. The 
number and morphology of the canals of the mesial 
and distal roots were then observed and recorded.
Statistical analysis
Frequency analyses, binomial and Kappa 
tests were performed using SPSS version 21 (IBM 
Corp., Armonk, USA). A significance level of 0.05, 
with corresponding 95% confidence interval (CI), 
was adopted to compare the results of the applied 
protocols. The results of the Kappa’s test were 
analyzed according to Landis and Koch [19].
Results
Data regarding the visualization of the number 
of canals found in both roots of the mandibular 
molars using the different tomographic protocols 
are summarized in table I, and the frequencies of 
the root canal configurations are shown in table 
II. Vertucci’s type V (1-2) was the most prevalent 
in mesial root canals, and in distal was type I (1-
1). It was observed that ICC and ICN diagnosed a 
higher percentage of anatomical configurations in 
the mesial roots when compared to PXD (table II).
Sample
ICC ICN PXD ICC ICN PXD
M D
1 1-2 1-2 1-2 1 1 1
2 1-2 1-2 1-2-1 1 1 1
3 1-2-1 1-2-1 1-2-1 1 1 1
4 2-1 2-1-2-1 2-3-2-1 1 1 1
5 2-1 1-2-3-1 1-2-3-2-1 1 1 1
6 1-2-1 2-1 1-2-1 1 1 1
7 1-2-1 1-2-1 1-2-1 1-2-1 1-2-1 1-2-1
8 1-2-1 1-2-1 1-2-1 1 1-2-1-2-1 1
9 2-1-2 1-2-1 1-2-1 1 1 1
10 1-2 2 1-2-1 1 1-2 1
11 1-2-1 1-2-1 1-2-1 1 1 1-2
12 2 1-2 1-2 1 1 1
13 2 2 1-2 1 1 1
14 1-3-2 1-3-2-1 1-3-2-1 1 1 1
15 1-2 1-2-1 1-2-1 1 1 1
16 2-1 1 1 1 1 1
Table I – Number of canals of mandibular molars from cervical to apical direction (n = 35)
(Continues on the next page)
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Sample
ICC ICN PXD ICC ICN PXD
M D
17 2-1 1-2-1-2 2-3-2-1 2-1 1-2-1 1-2-1
18 2 1-2 2-1-2 1 1 1
19 1-2 2 1-2-1-2 1 1 1
20 1-2 1-2 2-3-2 1 1 1
21 1-2 1 1 1 1 1
22 1-2-1 1-2-1 1-2-1 1 1 1
23 1-2 1-2 1-2 1 1 1
24 2 2 2 1 1 1
25 2 1-2 1-2 1 1-2-1 1
26 1-2 1-2-1 1-2-1 1 1 1
27 1-2-1 1-2-1 1-2-1 1 1 1
28 1-2 1-2 1-2-1-2 1 1 1
29 2-1 1-2-1 1-2 1 1 1
30 2 1-2 1-2 1 1 1
31 2 1-2 1-2 1 1 1
32 2 3-2 1-2-1 1 1 1
33 2 2 1-2-1 1 1 1
34 1-2 1-2 1-2 1 1 1
35 2 1-2 1-2 1-2 1-2 1
Note: M (mesial); D (distal); ICC (i-CAT Classic); ICN (i-CAT Next Generation); PXD (PreXion 3D)
In the mesial roots, the frequencies of agreement among the three protocols for configurations 1-2-
1 (type III), 1-2 (type V) and 2-2 (type IV) were 17.1%, 8.6% and 2.8%, respectively. For the distal root, 
configurations 1-1 (type I) and 1-2-1 (type III), prevailed in 80.0% and 2.8% of samples, respectively.
Table II – Frequencies of anatomical variations of different tomographic protocols (n = 35)
Anatomical variation 
(Type)
ICC
n (%)
ICN
n (%)
PXD
n (%)
ICC
n (%)
ICN
n (%)
PXD
n (%)
M D
1-1 (I) - 1 (2.9) - 32 (91.4) 29 (82.9) 32 (91.4)
2-1 (II) 5 (14.3) 1 (2.9) - 1 (2.9) - -
1-2-1 (III) 7 (20.0) 10 (28.6) 2 (5.7) 1 (2.9) 3 (8.6) 2 (5.7)
2-2 (IV) 10 (28.6) 6 (17.1) - - -
1-2 (V) 11 (31.4) 13 (37.1) 33 (94.3) 1 (2.9) 2 (5.7) 1 (2.9)
1-2-1-2 (VII) - 1 (2.9) - - -
1-2-1-2-1 - - - - 1 (2.9) -
1-2-3-1 - 1 (2.9) - - - -
1-3-2 1 (2.9) - - - - -
2-1-1 1 (2.9) - - - - -
2-1-2-1 - 1 (2.9) - - - -
3-2 - 1 (2.9) - - - -
Note: M (mesial); D (distal); ICC (i-CAT Classic); ICN (i-CAT Next Generation); PXD (PreXion 3D)
Table III shows the concordant anatomical variations between the groups based on the tomographic 
protocols.
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Table III – Concordant anatomical variations of different tomographic protocols (n = 35)
Anatomical 
variation
ICCxICN ICCxPXD ICNxPXD ICCxICN ICCxPXD ICNxPXD
M D
1 29 31 28
1-2 7 11 13 1 1
1-2-1 6 1 2
2 3
Total 16 11 13 31 32 30
Note: M (mesial); D (distal); ICC (i-CAT Classic); ICN (i-CAT Next Generation); PXD (PreXion 3D)
Concordance among the mesial roots varied, with values of 45.7% (n = 16) between the ICC and 
ICN groups (p < 0.001); 31.4% (n = 11) between ICC and PXD (p < 0.001); and 37.1% (n = 13) between 
ICN and PXD (p < 0.001); in the distal roots the values were 88.6% (n = 31) between ICC and ICN 
(p = 0.125), 91.4% (n = 32) between ICC and PXD; and 85.7% (n = 30) between ICN and PXD (p = 
0.063) (table IV).
Table IV – Agreement between the groups of the different tomographic protocols (n = 35)
Agreement
ICCxICN ICCxPXD ICNxPXD ICCxICN ICCxPXD ICNxPXD
M D
n % n % n % n % n % n %
Yes 16 45.7 11 31.4 13 37,1 31 88.6 32 91.4 30 85.7
No 19 54.3 24 68.6 22 62,9 4 11.4 3 8.6 5 14.3
Total 35 100.0 35 100.0 35 100,0 35 100.0 35 100.0 35 100.0
95% CI LL UL LL UL LL UL LL UL LL UL LL UL
29.2% 62.2% 16.0% 46.8% 21.1% 53.2% 78.0% 99.1% 82.2% 100.7% 74.1% 97.3%
p value* p < 0.001 p < 0.001 p < 0.001 p = 0.125 p = 0.250 p = 0.063
Note: M (mesial); D (distal); ICC (i-CAT Classic); ICN (i-CAT Next Generation); PXD (PreXion 3D); LL (lower limit) UL (upper limit)
* Binomial test (p < 0.05)
The level of agreement in the paired analyzes revealed the following Kappa values in mesial roots: 
ICC x ICN = 0.298 (p < 0.001), ICC x PXD = 0,009 (p = 0.814), and ICN x PXD = 0.008 (p = 0.877). 
In distal roots, the values were, respectively, 0.521 (p < 0.001), 0.470 (p < 0.001), and 0.394 (p = 0.001). 
These data analyses indicated poor or no agreement between the protocols in the mesial roots, while 
in the distal the agreement was moderate in all comparisons.
Representative samples of the images acquired using the ICC, ICN, and PXD protocols are presented 
in figure 1.
Figure 1 – Images obtained through the protocols (A) ICC, (B) ICN and (C) PXD
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Discussion
The present study aimed to analyze the internal 
anatomy of mandibular molars comparing images 
acquired using three different tomography protocols. 
The main results revealed differences among all 
protocols in the mesial roots.
Knowledge of root canal morphology is a 
challenge for the dentist, and can directly influence 
on success of the endodontic treatment [8, 12] if 
the presence of any additional root canal is not 
identified and treated [3, 42, 43].
The morphological features of each group of 
teeth have been researched, which has led to the 
introduction of a variety of anatomical classifications 
[1, 2, 4, 8, 24, 25, 27, 30, 37, 39, 41]. For some 
groups, as in case of maxillary molars, four canals 
have been found [4, 27, 41] and, in premolars, three 
canals have been described [1].
The differences among studies can be explained 
by the methodology design adopted (in vivo or ex 
vivo), and by the technique used to classify the 
root canals, including radiographic examinations, 
tooth sectioning, among others [3, 30]. However, 
some techniques used in morphological studies 
are destructive and/or distort tooth anatomy and, 
as such, their applicability is limited [20].
In this context, non-destructive and more precise 
techniques, such as CBCT, have been developed 
for the study of anatomical variations [17, 34]. A 
review by Venskutonis et al. [38] indicated that 
this method can be used from diagnosis to post-
treatment, but is proposed mainly for evaluation of 
root canal anatomy. Regarding radiation dose, the 
authors reported that it is equivalent to the dose 
in case of panoramic radiography [38].
Findings from the present study revealed 
statistically significant differences in paired 
comparisons between groups for the mesial roots. 
ICC and ICN exams revealed a higher percentage of 
canal configurations, such as in the results of de 
Freitas et al. [8]. ICC protocol was limited in the 
identification of additional canals compared with the 
other groups, evidenced by the lack of concordance 
in cases with greater anatomical complexity in the 
mesial roots identified by the ICN and PXD. In the 
distal roots, anatomical complexities were better 
identified using the ICN and PXD.
The superior image quality of cone beam 
tomographs due more to the voxel dimensions, 
which has more of an effect on results in terms of 
resolution and details [7, 34] which corroborates 
other findings [7].
Smaller voxel sizes require longer scanning 
time and, consequently, greater radiation exposure 
[35]. The PXD protocol chosen for this research 
has been marketed by the manufacturer as high 
resolution, with 16.8 s being the most appropriate 
exposure time to reduce exposure of the patient 
to radiation, despite having the smallest voxel size 
(0.09 mm).
The choice of FOV sizes in the present study 
stems from the limited field of analysis. In clinical 
terms, this limitation leads to a reduction in the 
patient’s exposure to radiation, which is one of the 
advantages attributed to CBCT [29].
The mesial roots of mandibular molars exhibit 
greater anatomical diversity, as verified in the 
current research. In an analysis of 200 teeth of 
this group using CBCT, Gambarini et al. [15] 
verified the presence of two canals in all cases. 
These findings differ from those observed here, 
because the presence of a single canal was found 
in two samples, with concordance between ICN 
and PXD, but different from ICC. This difference 
may have been due to the lower precision of the 
images acquired using this system, as previously 
mentioned.
The existence of two canals in the mesial 
root has been verified in the majority of research 
using CBCT [6, 10, 15, 18, 33]. In the present 
study, the types found were, in decreasing order 
of prevalence: V (1-2), IV (2-2), and III (1-2-1). 
Torres et al. [37] found in Chilean and Belgian 
populations the most common configurations in the 
mesial root of mandibular molars was type V. In 
a systematic review published in 2012, de Pablo et 
al. [11] reported that the most common anatomical 
configurations in mesial roots are type IV (2-2) and 
II (2-1). Demirbuga et al. [9] found the type IV was 
the most prevalent configuration in the mesial roots 
of first mandibular molars, corroborating Kim et 
al. [18], Madani et al. [22], and Mohammadzadeh 
Akhlaghi et al. [24].
The common anatomical variation, consisting 
of only one canal located in the distal root, was 
found to be concordant among the three systems 
in 80.0% of the samples. This corroborates the 
results of other studies [6, 9-11, 18, 33, 37], which 
indicate a higher frequency of this occurrence in 
mandibular molars.
Differences found in terms of the frequency of 
localized canals can be attributed to the method 
of analysis of anatomical variations, which can be 
based on the absence or presence of canals [5], or 
the configuration of canals found in the cervical to 
apical direction, as adopted in the present research. 
Additionally, although the Vertucci’s classification 
[42] is the most recognized and used parameter in 
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this type of study in endodontics, its introduction 
predates the use of tomographic imaging modalities.
Despite the diagnostic superiority of CBCT, 
indications for use must be accurate and justified 
based on inconclusive findings from conventional 
techniques [34], because it may result in higher 
doses of absorbed radiation [21]. As with any 
complementary examination, its use should be 
considered in clinical diagnosis. The theoretical 
identification of anatomical variations does not 
necessarily mean that these canals can be accessed 
clinically [4].
Conclusion
Anatomical variations were found in both 
root canals, with higher variability in the mesial, 
highlighting ICC and ICN protocols, and the 
prevalence of Vertucci’s type V, while in the distal 
prevailed the type I.
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